Introduction
Polyimide has been widely applied for inter layer dielectrics, stress buffer layers, and  particle protections of semiconductor devices because of excellent heat resistance, chemical resistance and high mechanical properties. This resin is commonly provided as the photosensitive polyimide precursor composition because they simplify processing and avoid the use of photoresist [1] [2] [3] .
Typically, polyimide precursor is converted into polyimide with dehydrated cyclization by thermal treatment over 300 o C. Recently, as Si wafer size is larger and thickness is thinner, the warpage of wafer induced by residual stress of polyimide is regarded as a serious issue, and polyimide is desired to be curable by lower curing temperature. In addition, high chemical resistance and heat resistance are needed for use of bump formation and re-distribution process. Now, polyimide material curable by low temperature around 200 o C with same properties of higher cured one is required.
To achieve this requirement, low temperature curable photosensitive polyimides were reported with using base generators as a catalyst for cyclization [4] [5] . By this method, although the cyclization might be completed, these polyimides are considered their thermal properties are not acceptable, because macromolecular packing is not enough. In other way, photosensitive poly(hydroxyimides) that able to be cured without cyclization was reported [6] [7] . However, these polyimides could not be expected to attain the chemical resistance of the high-temperature treated polyimides, because hydroxyl group remains in the polymer.
We focus on a polyamide that does not cyclize by cure treatment. This report describes a novel negative-type photosensitive polyamide that can be cured extra-low temperature under 200 o C. Photosensitivity, heat resistance, chemical resistance, mechanical properties, and residual stress of the film consisted of the polyamide were evaluated.
Experimental

Synthesis of polyamide
Synthesis of polyamide is indicated in scheme 1. Dicarboxylic acid a which has an alkene group as the side chain and pyridine are dissolved into γ-butyrolactone (GBL), and the solution was stirred under ice bath. N,N'-dicyclohexylcarbodiimide (DCC) was added to the solution with GBL. Subsequently, diamine b in N-Methyl-2-pyrrolidone (NMP) was added to the solution. The solution was stirred at room temperature for 5 hours. After the reaction, The solution was filtered to remove N,N-dicyclohexylurea (DCU) as a by-product and poured into a large amount of water. The polymer precipitate was filtrated and dried at 40 o C for 72 hours under vacuum. The polymerization of the target polymer was confirmed by IR and NMR measurement.
Preparation of photosensitive polyamide composition
A photosensitive polyamide varnish was prepared by adding the polyamide, a photo-initiator, a photo crosslinkable monomer, and a thermal crosslinkable compound and an adhesion promoter, to NMP.
Photosensitivity
The coated film about 10 m thick on a wafer was exposed through a patterning mask by i-line stepper (Nicon NSR2005i8A) with 100mJ / cm 2 to 600mJ / cm 2 . The exposed film was developed with cyclopentanone and then rinsed with 2-propylene glycol-1-methyl ether acetate by a spray development (SOKUDO SC-W60A-AV9). The patterned film was observed by optical microscope and scanning electron microscopy (Hitachi High-Tech S-4800).
Chemical resistance
The patterned film was cured at 180 o C for 2 hours under nitrogen flow (Koyo Thermo System VF-2000B). Resist strippers, organic solvents, metal etchants and flux were used as the test chemicals. The films were immersed in these chemicals under each condition. The tested films were rinsed by deionized water for 5 minutes and then dried at room temperature. Appearance after the test was observed by optical microscope.
Thermal and mechanical properties
The films which were coated on 6 inch silicon wafers (Mark8) were exposed their whole area, and cured at 180 Glass-transition temperature (Tg) and coefficient of thermal expansion (CTE) of these films were determined by thermal mechanical analyzer (Shimadzu TMA-50), and the mechanical properties such as degree of elongation, young's modulus, and strength were measured by tensile test.
Results and discussion
Photosensitivity
The ratio of the film remaining thickness after development under each exposure dose is indicated in Fig. 1. T1 and T2 represent the film thickness of initial state and after developed state, respectively. This polyamide film showed the excellent sensitivity, because of high T2/T1 under exposure of 100mJ/cm 2 . Adequate resolution and edge sharpness could be seen clearly by optical microscope and SEM observation (Fig. 2) . Table 1 . Usually, semiconductor package application such as wafer lever chip scale package uses re-distribution layer (RDL) and solder bump, and high chemical resistance is needed for inter-layer dielectric material. The package will be attached to a circuit board with reflow process. Organic amine solution is used as dry film resist stripper for bump formation process, metal etchant is employed to form RDL and flux is used at reflow soldering process. There was no crack and defect after the chemical resistance test for all condition. Thus, the polyamide film cured at 180 o C has high chemical resistance and it is suitable for the surface protective film and the interlayer dielectric film. Table 2 shows the summary of thermal resistance, mechanical properties and residual stress at each cured condition. Tgs of the film cured at 180 
Conclusion
The novel negative-type photosensitive polyamide that able to be cured extra-low temperature was developed. This polyamide composition showed good photosensitivity. The cured film at 180 o C had excellent chemical resistance, thermal resistance, high mechanical properties and low residual stress. Thus, this polyamide resin will be a good candidate for next generation protective layer for bumping which requires low stress and high chemical resistance.
